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Perioperative stroke is a devastating complication
of carotid endarterectomy,3,5,7-13,15,17 which occurs
in 2% to 20% of patients with carotid endarterecto-
my.2-5,9,11,15
We identified more than 20 different mecha-
nisms of perioperative stroke, but most of them
could be classified into broad categories of: ischemia
during carotid artery clamping, intraoperative/post-
operative thrombosis and embolism, intracerebral
hemorrhage, stroke from other mechanisms associ-
ated with carotid surgery, and stroke unrelated to
the reconstructed artery.3,5,9-12,15 However, the dif-
ferentiation of perioperative stroke that becomes
obvious at the conclusion of the operation (intraop-
erative stroke) from the one developing after the
patient has awakened neurologically intact (early
postoperative stroke) may have important clinical
implications.
Therefore, this study compared intraoperative
findings and the outcome of immediate reoperation
between patients who had an intraoperative stroke
and patients who had an early postoperative stroke
after carotid endarterectomy. 
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Purpose: After carotid endarterectomy, intraoperative findings and outcome of immedi-
ate reoperation of patients who had an intraoperative stroke were compared with those
of patients who had an early postoperative stroke.
Methods: We retrospectively analyzed 2250 carotid endarterectomies performed between
1980 and 1997. Intraoperative stroke (group A) was detected after 41 of the 2250 oper-
ations (1.8%), whereas early postoperative stroke (group B) developed after 18 of the
2250 operations (0.8%). Patients from both groups were reoperated on within 1 hour
after neurological examination.
Results: Positive intraoperative findings that could be corrected during immediate reop-
eration were: (1) thrombotic occlusion of the carotid artery that was operated on caused
by technical error, which was found in nine of 41 patients (22%) in group A and in 11
of 18 patients (61%) in group B (P = .009); (2) mural thrombus caused by technical
error without occlusion, which was detected in seven of 41 patients (17%) in group A
and in two of 18 patients (11%) in group B (P > .05); and (3) technical error without a
thrombus, which was found in eight of 41 patients (20%) in group A and in three of 18
patients (17%) in group B (P > .05). A patent carotid artery was found in 17 of 41
patients (42%) in group A and in two of 18 patients (11%) in group B (P = .046).
Twenty of the 41 patients (49%) in group A died, and four of 18 patients (22%) in group
B died (P > 0.05). Major neurological deficit remained in nine of 41 patients (22%) in group
A and four of 18 patients (22%) in group B (P > 0.05). Total recovery occurred in seven of
41 patients (17%) in group A and in eight of 18 patients (45%) in group B (P = 0.058).
Conclusion: Carotid artery thrombosis during immediate reoperation was more frequent
in patients who had an early postoperative stroke than in patients who had an intraop-
erative stroke. It appears that patients who had an intraoperative stroke have a higher
incidence of uncorrectable lesions. (J Vasc Surg 1999;30:245-51.)
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METHODS
Patient population. The records of all patients
undergoing carotid endarterectomy (CEA) at the
Dedinje Cardiovascular Institute between May 1980
and May 1997 were reviewed. During this period, we
performed 2250 CEAs in 1824 patients (1212 men,
612 women). The neurological indications for CEA
were: transitory ischemic attacks in 990 patients
(44%), previous stroke without residual symptoms in
702 patients (31.2%), previous stroke with residual
symptoms in 374 patients (16.6%), and 184 asymp-
tomatic patients (8.2%) with stenosis greater than
80%. Angiographic criteria for CEA were stenosis
greater than 70% for symptomatic artery disease and
stenosis greater than 80% for asymptomatic carotid
artery disease. 
Preoperative evaluation. The preoperative
work-up included neurological examination, duplex
ultrasonography, contrast arteriography, and com-
puterized tomography (CT) or magnetic resonance
imaging (MRI), when necessary.
Operative protocol. Operative procedures were
performed with general anesthesia. Anesthetic man-
agement included continuous arterial blood pressure
and electrocardiographic monitoring. Routine brain
function monitoring was not performed. Criteria for
the use of intraluminal shunt were contralateral
carotid artery occlusion and ipsilateral ischemic
lesion on CT. To distinguish intraoperative stroke
from early postoperative stroke, patients were awak-
ened immediately after closure of the neck. The first
neurological examination was performed immediate-
ly after the patients awakened, usually in the operat-
ing room. Postoperatively, all patients were moni-
tored closely in the recovery room and in the inten-
sive care unit for at least 24 hours.
Definition of perioperative stroke subgroups.
Intraoperative stroke (group A) was defined as a
major neurological deficit that became obvious at
the conclusion of the operation.18 Early postopera-
tive stroke (group B) was defined as a major neuro-
logical deficit that developed within 3 days after the
patient had awakened neurologically intact.
Reoperation. Immediately after the neurologi-
cal examination, patients from both groups were
reoperated on when a major neurological deficit
severe enough to justify the risk of reoperation was
detected. Reoperation on patients who had a minor
neurological deficit18 was indicated only when a
technical problem was identified by means of emer-
gency duplex sonography or arteriography, but these
patients were not included in this study. Every effort
was made to perform the reoperation within 1 hour
after the onset of symptoms. Regardless of the sever-
ity of the patient’s general condition, all patients who
had a severe neurological deficit were reoperated on
and were included in the study. 
The priority during reoperation was to reestab-
lish cerebral perfusion by means of expeditious inser-
tion of a temporary shunt. General anesthesia was
used. Removal of the thrombus, which is frequently
found within the bifurcation, may be sufficient to
restore retrograde flow from the internal carotid
artery. A propagated clot extending into the carotid
siphon may require the use of a Fogarty embolecto-
my catheter. The catheter must not be advanced
beyond even minimal resistance. It should be inflat-
ed cautiously to avoid precipitating a carotid-cav-
ernous sinus fistula. Once a shunt was inserted, all
adherent thrombus was removed, and technical
defects, such as intimal flaps, were corrected.
When a patent carotid artery was found during
reoperation, intraoperative angiography was per-
formed. When a technical error was detected, it was
corrected.
Postoperative management. All patients who
had a perioperative stroke had neurological and car-
diac monitoring and treatment postoperatively,
including early rehabilitation. Patients who had a peri-
operative stroke were routinely treated with antiede-
matous therapy, antiplatelet agents (when intracranial
hemorrhage was excluded), and fluids and electrolytes
to correct metabolic disorders. Antibiotics were not
given routinely. The etiology of perioperative stroke
in patients with a patent carotid artery was further
investigated after the reoperation by means of arteri-
ography, transcranial Doppler, duplex scan, transtho-
racic/transesophageal echocardiography, brain CT,
and MRI. Different combinations of diagnostic
modalities were used in each particular case, and the
choice was based on the individual patient’s charac-
teristics, without strict protocol. Not all diagnostic
modalities were used in every patient.
Statistical analysis. Comparisons between the
groups were performed by means of the c 2 test.
RESULTS
During this 17-year period, 1824 patients under-
went 2250 CEA procedures. Perioperative stroke
(within 3 days) occurred after 59 of 2250 operations
(2.6%). Intraoperative stroke was detected after 41 of
2250 operations (1.8%; group A), and early postop-
erative stroke developed after 18 of 2250 operations
(0.8%; group B). A comparison of preoperative neu-
rological status in patients who had an intraoperative
or early postoperative stroke (Table I) revealed no
difference between groups. 
Positive intraoperative findings that could be cor-
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rected during immediate reoperation were (Table II):
(1) thrombotic occlusion of the operated carotid
artery caused by a technical error, which was found
and treated in 21.9% of patients in group A and in
61.1% of patients in group B (P = .009); (2) mural
thrombus caused by a technical error (irregular/con-
stricting suture line, intimal damage during shunt
insertion, or intraluminal dilatation, kink, dissection,
medial flap, clamp crushing of the remaining athero-
ma), but without complete artery occlusion, which
was found and corrected in 17.1% of patients in group
A and in 11.1% of patients in group B (P > .05); (3)
technical error without thrombus, which was found
and repaired in 19.5% of patients in group A and in
16.7% of patients in group B (P > .05); (4) a patent
carotid artery with no defects, which was found at
reoperation in 41.5% of patients in group A and in
11.1% of patients in group B (P = .046). The causes
of stroke (as assessed by means of postoperative brain
CT, MRI, transthoracic/transesophageal echocardio-
graphy, duplex sonography, transcranial Doppler, or
arteriography) in these patients were intraopera-
tive/perioperative athero/cardio embolization, intra-
operative hypoperfusion, reperfusion edema, intra-
cerebral hemorrhage, other territorial involvement, or
an unknown cause (Table III).
Therefore, a comparison of findings between
groups A and B revealed a higher incidence of throm-
bosis in group B (nine of 41 vs. 11 of 18; P = .009).
Among patients who had thrombotic occlusion,
thrombectomy was possible in six of nine patients in
group A and in nine of 11 patients in group B.
Men more frequently had intraoperative, rather
than postoperative, stroke (35 of 41 vs. two of 18,
respectively; P < .001). However, perioperative
stroke was equally distributed in both sexes (37 of
59 patients who had perioperative strokes and 1175
of 1765 patients who did not have perioperative
strokes were men; P > .05). At reoperation, throm-
botic occlusion was found in five men and four
women in group A and in two men and nine women
in group B (P > .05). 
An intraoperative shunt was used during 233 of
2250 (10.3%) CEAs. A shunt was used in six of 59
operations that resulted in perioperative stroke; in
three cases, intraoperative stroke was detected (causes
of stroke were intraoperative hypoperfusion caused by
shunt malfunction in one patient and mural thrombus
with technical error in two patients), and in the other
three cases, early postoperative stroke occurred (caus-
es of stroke were reperfusion edema in one patient and
thrombotic occlusion in two patients). The use of
shunts was similar in patients with detected technical
error and those without technical error in both groups
(two of 24 vs one of 17 in group A and one of 16 vs
none of two in group B; P > .05 for both groups).
Intraoperative carotid angiography was per-
formed in seven patients in whom a patent artery
was found during reoperation. All seven patients
were in the group who had intraoperative strokes; in
two of them, distal embolization of a cerebri media
was found by means of angiogram, whereas the find-
ings of the intraoperative angiogram were normal in
five others. 
A comparison of the results of reoperation is pre-
sented in Table IV. Forty-eight percent of patients in
group A and 22% of patients in group B died (P >
.05). A major neurological deficit remained in 21.9%
of group A patients and in 22.2% of group B patients
(P > .05). Minor neurological deficits remained in
12.2% of group A patients and in 11.1% of group B
patients (P > .05). Finally, total recovery occurred in
17.1% of group A patients and in 44.5% of group B
patients (P = .058). 
In a subset of patients who had thrombotic
occlusion of the carotid artery, complete recovery
occurred in four of nine patients in group A and in
eight of 11 patients in group B. None of the patients
in whom thrombectomy was possible have died.
However, among patients in whom thrombectomy
was not possible, all patients (three of three in group
A and two of two in group B) have died.
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Table I. Preoperative neurological status in
patients who had intraoperative and early postoper-
ative stroke
Neurological history Group A Group B Significance
Transitory ischemic attack 12 (29.3%) 7 (38.9%) P = .670
Stroke without sequels 6 (14.6%) 4 (22.2%) P = .735
Stroke with sequels 22 (53.7%) 6 (33.3%) P = .247
Asymptomatic 1 (2.4%) 1 (5.6%) P = .863
Total 41 (100%) 18 (100%)
Table II. Intraoperative findings at immediate
reoperation for intraoperative and early postopera-
tive stroke
Intraoperative findings Group A Group B Significance
Thrombotic occlusion 9 (21.9%) 11 (61.1%) P = .009
Mural thrombus with 7 (17.1%) 2 (11.1%) P = .847
technical error
Technical error without 8 (19.5%) 3 (16.7%) P = .917
thrombus
Patent artery 17 (41.5%) 2 (11.1%) P = .046
Total 41 (100%) 18 (100%)
DISCUSSION
When a patient awakens with a neurological
deficit after CEA, a prompt decision about reopera-
tion is required. Distinguishing specific subgroups of
perioperative stroke (intraoperative versus early post-
operative stroke) could make this decision easier.
Intraoperative stroke. Intraoperative stroke
may be the result of ischemia that developed during
the clamping period3,5,9-12,15 or embolization to the
brain during dissection of the atheroma-bearing
artery, through shunting, from clamp crushing the
atheroma, or after thrombosis of the operated artery
caused by a technical error during repair (this could
include intimal damage during insertion of the shunt
or intraluminal dilatation of an irregular suture
line).1,10,11,15-17 Also, intracerebral hemorrhage,
stroke from other mechanisms associated with
carotid surgery, and stroke unrelated to the recon-
structed artery may be found occasionally.3,5,9-12,15
The precise onset of an intraoperative neurologi-
cal deficit is often difficult to determine when the
patient is under general anesthesia. However, studies
in which regional anesthesia, transcranial Doppler, or
electroencephalographic monitoring were used have
confirmed that most intraoperative ischemic events
were embolic in origin, because they occurred in
conscious patients either during carotid dissection or
when the flow was restored after a period of clamp
ischemia that had been well tolerated.6,7,10,11,13,15,19-21
Intraoperative duplex scanning and arteriography
have also been recommended for the detection of
technical problems,2,10,11,14,15 but to avoid unneces-
sary procedures, we did not use them on a routine
basis. Because we did not routinely use intraoperative
brain function monitoring, precise discrimination
between embolic and hemodynamic mechanisms
before reoperation of patients who had a intraopera-
tive stroke would be speculative.
In our study, intraoperative stroke was associated
with a patent carotid artery in most patients, fol-
lowed by thrombotic occlusion, technical error
without mural thrombosis, and technical error with
mural thrombosis. It appears that technical errors
were not related to the use of shunts and that pre-
operative neurological status was similar when com-
pared with patients who had an early postoperative
stroke.
The main reasons for intraoperative stroke can be
divided into two groups: correctable and uncor-
rectable. Because uncorrectable intraoperative find-
ings predominated in these patients, their outcome
was worse, compared with patients who had an early
postoperative stroke.
When dealing with an extremely urgent condition
like intraoperative stroke, the discrimination of cor-
rectable from uncorrectable lesions should be made
rapidly. Once the neck is closed, noninvasive assess-
ment is difficult because of postoperative swelling,
hematoma, patch, and air bubbles in the tissue.1 A
new duplex scanning technique used as a means of
diagnosing perioperative carotid thrombosis, with
subcuticular prolene sutures for the skin and a plastic
dressing for the wound, provides an immediate post-
operative assessment4. Accurate diagnostic informa-
tion obtained by means of modified duplex scanning
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Table IV. Outcome of reoperation for intraopera-
tive and early postoperative stroke
Outcome Group A Group B Significance
Lethal 20 (48.8%) 4 (22.2%) P = .104
Major neurologic deficit 9 (21.9%) 4 (22.2%) P = .751
Minor neurologic deficit 5 (12.2%) 2 (11.1%) P = .750
Total recovery 7 (17.1%) 8 (44.5%) P = .058
Total 41 (100%) 18 (100%)
Table III. Causes of stroke in patients with a patent carotid artery at reoperation and diagnostic modali-
ties used after reoperation as a means of reaching the etiologic diagnosis
Cause of stroke Group A Group B Diagnostic modalities
Intraoperative embolization 3 0 Angio, CT and/or MRI, TEE
Intraoperative hypoperfusion 1 0 Occluded intraluminal shunt, CT 
and/or MRI
Reperfusion edema 2 1 CT and/or MRI
Intracerebral hemorrhage 6 1 CT and/or MRI
Other territorial involvement 2 0 Duplex, CT
Unknown 3 0 Angio, duplex, CT and/or MRI
Total 17 2
Angio, Carotid angiography; CT, computerized tomography; Duplex, duplex sonography; MRI, magnetic resonance imaging; TEE,
transesophageal echocardiography.
could be useful in selecting patients for urgent reex-
ploration and, thus, could reduce stroke rate.
When intraoperative embolization or ischemic
lesion has occurred, reoperation is inadvisable. The risk
of worsening perfusion of an ischemic and edematous
brain outweighs the chances of reversing the stroke by
means of reexploration in search of a correctable lesion
not shown on the control carotid arteriogram.
Reopening of the carotid artery in these circumstances
has no therapeutic value and may be detrimental
because of the additional clamp ischemia.10,11,15
Our study revealed that patients awakening with
a neurological deficit are more likely to have an
uncorrectable lesion. This observation and the fact
that the immediate reoperation may be deleterious
indicate the importance of routine intraoperative
imaging, such as control angiography (to rule out
technical error), which can provide the opportunity
to correct detected error in the operating room.
This would also help to make easier the decision to
treat patients who awaken with a neurologic deficit
more conservatively, because they are not likely to
benefit from reoperation because of the small
chances of finding a correctable problem on reoper-
ation. Therefore, reoperation on a patient who had
an intraoperative stroke is advised when a technical
problem identified by means of control arteriogra-
phy is suspected to be the cause of a stroke.1,10,11,16
Early postoperative stroke. Early postoperative
stroke may be a different issue. The patient awakens
neurologically intact and subsequently develops a sen-
sorimotor deficit that is usually progressive. Fre-
quently, the problem is caused by thrombus formation
at or near the operative area caused by an intimal flap,
a kink caused by additional elongation after endar-
terectomy, intramural hematoma, or an irregular/con-
stricting suture line.1,3,5,10,11,15 Most early postopera-
tive strokes are caused by technical errors made during
CEA and are, therefore, preventable9-12,15 and cor-
rectable within a certain time limit.
In our patients, the finding of carotid artery
thrombosis during immediate reoperation was more
frequent (61%) in patients who had an early postop-
erative stroke than in patients who had an intraoper-
ative stroke (22%). Poorly completed endarterecto-
my (technical errors) and other sources of emboliza-
tion (mural thrombus) were found and eliminated in
an additional 28% of patients who had an early post-
operative stroke.
On the other hand, a patent carotid artery with-
out technical problems (reperfusion injury, extensive
occlusive disease with other territorial involvement,
long-standing hypotension, or intracranial bleeding)
was found less frequently than in patients who had
an intraoperative stroke. Therefore, patients who
have immediate reoperation for early postoperative
stroke could have lower mortality with less severe
neurological deficit when they are reoperated on
immediately. Our results indicate that there is a ten-
dency toward better total recovery in patients who
had an early postoperative stroke, compared with
patients who had an intraoperative stroke, although
it failed to reach statistical significance because of the
limited number of patients.
Thrombosis at the site of CEA is the most com-
mon cause of stroke in the recovery room.4,8,10,15 For
this reason, many authors recommend immediate
reoperation when the stroke occurs in the early post-
operative period,1,10,12,15,21 but in some series, this
policy has led to discovering a patent carotid artery.8
However, we feel that the potential benefit of suc-
cessful reoperation may outweigh the potential dam-
age when reopening the artery. This is supported by
our finding of a patent carotid artery in only 11% of
patients who had an early postoperative stroke.
As in patients who had an intraoperative stroke,
an urgent CT or MRI scan is seldom useful in the
early detection of ischemic areas.1,10,11.15,21 We
believe that, in a situation like this, arteriography can
only delay the proper treatment, which is immediate
reoperation.1,21 If thrombosis of the internal carotid
artery has occurred, time is critical, because beyond
the first hour a zone of ischemic tissue may be con-
verted to hemorrhagic infarct.1,8,9,15 Therefore,
extensive invasive and noninvasive diagnostic evalu-
ation may be a waste of time, and our policy was to
explore all patients with major neurological deficit
caused by early postoperative stroke immediately.
The management of perioperative stroke during
and after carotid endarterectomy remains an impor-
tant topic. The primary scope of our study was not
prevention of perioperative stroke, but the assess-
ment of intraoperative findings and identification of
correctable versus uncorrectable causes of periopera-
tive stroke. However, our data revealed that technical
error was identified on reoperation in most patients
who had an perioperative stroke (58.5% and 89.9% of
patients who had intraoperative and early postopera-
tive strokes, respectively). Because these strokes are
potentially preventable with the use of intraoperative
imaging, the best management of a perioperative
stroke is its prevention, by using information
obtained by means of intraoperative angiography,
ultrasound duplex scanning, transcranial Doppler,
and routine electroencephalographic monitoring.
Limitations of the study. The main limitation of
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this study is that it was retrospective. It should be rec-
ognized that treatment of patients with atherosclerot-
ic carotid disease has changed during the last two
decades, and these changes may influence the inci-
dence and causes of perioperative stroke after CEA.
However, our approach to patients who had an peri-
operative stroke remained the same during the whole
study period; it was an aggressive approach, with an
early exploration in all cases of perioperative stroke.
Because our intention was not to determine the best
approach to the treatment of patients who had a peri-
operative stroke, but to present intraoperative find-
ings at reoperation, we believe that the results of ret-
rospective analysis of a large single center experience
revealed relevant practical information that could be
valuable to specialists dealing with this problem. 
In addition, our conclusion that thrombosis was
always the consequence of technical error was some-
what speculative. On the other hand, it is well
known that early thrombosis after CEA is almost
always caused by some technical problem related to
surgery. Because this was a retrospective study, other
possible causes or confounding factors of early post-
operative thrombosis (ie, primary hypercoagulable
states, rare cases of inadequate runoff during carotid
operations, etc.) could not be completely excluded
on the basis of available data. 
Our policy to reoperate on only patients with
major and fixed neurological deficit might result in
the underestimation of the incidence of periopera-
tive stroke in the studied population. However,
these patients were not considered critically ill, and
after completing the diagnostic examination, except
in selected cases, they were treated conservatively,
expecting functional improvement in the following
hours and days. In most of these cases, it was con-
cluded that the risk of reoperation and related com-
plications was higher than the expected beneficial
effect of the reoperation on functional recovery. 
Another limitation is related to all patients who
experienced neurological deficit severe enough to
justify the risk of reoperation being reoperated on
on an emergency basis, although it could be expect-
ed that, in some of them, neurological deficit would
disappear in the following 24 hours. This approach
could result in overestimation of the true incidence
of perioperative stroke in the studied population.
CONCLUSIONS
Our results indicate that carotid artery thrombo-
sis, which is correctable during immediate reopera-
tion, is more frequent in patients who had an early
postoperative stroke than in patients who had an
intraoperative stroke. It appears that patients who
had an intraoperative stroke have a higher incidence
of uncorrectable lesions.
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